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W OE RN E SRR . AR E SRR E W M RRE, DL ROES# R AR EABMRAR AR T
(5 e AT R, A th 3 R ECHE SR B AT SWy-Ribe . SWy-Al, SWy-Fe, ¥ H 3 5l FH T % A8 6] JE 25 1%l 1% £ ¢
Mscae . S5, w4500 3 Fh ok S 0 A Xl 1 IR B A5 SR 3 T4 T . SWy-Fe MR R A% SR Jef, X IE A
iR 5 AR IE S HEIR EL 4 h WL R BR T HIHE = T 56.1% M1 55.3%, SLHe 45 A7 A Ho Bl KW M 2 )1 % ft . 4R
P& Langmuir W 384 0 2207 182, %6 15 A B R 18 A 38 1E A B R 18 (A 18 AR B 243 0 219 mg-g ' #1188 mg-g ' 1t
A, FERIEG BBEME S T 3.0 mg LT BT, IEASBERR AR AR I A B IR IR A 1R R b i 3R IE A R W M i
WEETIESHERE, —FHAMPEKHEZ N 2.9: 1.0, otk S0 A X 1F 75 85 82 £ A1 3l 15 25 8 8 £ 04 0% B 25
SEB R I R W B ANV Y. R R . WO NS S A LR A AE A, T AC e BH B Ca¥/FeT/ALT
SIATE o W B 2% G VR B & T 52 00 A X B R AL i R T RE ) o E WIS BB VR T 3.0 mg LT SRR, IR
MR 5 AR IE SR IR AR RIFAE I e e B0 5, 3 Ry S Ak B 45 Wl A2 7K TR 60 45 AR 1 2 JR A0 g FH B 43 T Bk 4
KHEIR MEZENLA; EASBEREL; dE SRR W RS

H R b B R BRI 5 51 R AR . KRR S BRI, BB-DKESRGT R L 2R
B N i R AR K A MR B 22 W KIS B B A B R I — o W BT B 2R T R Ak
W AT, TEERN . TERRENS, BA ZN TR, #2479 (clay minerals)
VE Ay i DLW BREFA), O 4 22 1 235 0y B 25— B 3 S0 G foff LG o g A 4 . e 5 | g R0 62 4 FH 4
A RAFAW MR, HRATTR . . WREBRK ., etk @ S0 a ™, k& TR
SR AWy RT B 1 B W R B 0 H BN G300 S S AT >R R A > e A O RARFE L WX A I
BEAF, WEREFHA, B RS R NS R 7 AT U e kb, e
B30 A C S 2455 RE D B R W SR TR1 R, S R T 1 g B,

HRT, A ER 2 0 B Ik B AIF 50 T S AR b TR S #E R £k (H,PO;, HPO; PO} ) X —JE & IT .
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EE, BUSERAAR Pk i P B R R 6 45 IE S i R 3 AN AR IE S B BR £R (P04 P03, (PO, 45). AR IE A
MR o 3 K i a8 XE DA DY A% G 0y vkl e A TR R, I N R P ARRE L KRB . B ReT. ED
YeSEAT, B AEBEDE PR 0 EE A AR B AT 205, SUNDARESHWAR 457 & 3 LA B R £
F A IE AW R £ AR 1 B IR ML DR P OO IE SRR DI . L, A AU KR
AR TE A BER A5 AR R W BRI R M E N AL —

ARBEGE L SE A B 0 o WFae 6P 4, R be . SRRk | kL opE A5 Oy 2R HE AT A 1) ek
PEIF T T W B BR B S 00 F 9, R FH W B ASE AU 5 L YR Bl g 2% W B S L A T 2 W Rl ST 4 R i
TTTE, 0 T AR S A W BRBE AR, BR9T T 0 552 08 A0 ) 1E 285 il R 6 AR 1E S W R 46
HOBAEE R AR R T AW B AR 5 5 I K R R Ak BB R B AR S
1 MBERE
1.1 MRE&

g B v 5 0 A T R SR, 5 Ak I BRI M AE L X SR A AR S (SWy, Il 3E [ Zh A
2x) PEAT AL R R el

TEFEAT TAL BE (SWy-525 F 1 H) i, SEBA S pFsR A, 200 H i M 5, A 0.01 mol- L™
CaCl, %, BEFEETE 24 ho K5 A B 0 (10 000 r-min', 20 min), FH 258 F /K PE% 3 LU
I, HZEM2.0mol- L AgNO, %A, i 35 W Josk 4y CU. K Ab B S 09 58 B A E AT R T
P R R 0 S T = IR T A N

e il 25 BOPE 152 B A (SWy=h5 58 ) BF, B 28 19 Ak BB SWy- 140 A3 — %2 O T & LB i A
6.0 mg-L™" ) NaOH ¥, 7€ 85 °CfH{ FHiHE 12h, FHEE FRUERZ T, KBS A%
TR, TE450°C gl s b ah, WHIGH, WIS rE SWy-kibs.

FE il 25 2Pk 275 WA (SWy-AlL) BF, FRHC SWy-2 F 10 FE &, 1o H A 0.1 mg-L™" AICL, %
W, FEAEPEFEIL R B A NaOH ¥, J7717 2 — € pH, & T 40 °C 18 IR /K i 04 1 5 5 2% v 3
FE60h, fEHEEFIRER 3L L. WU BT R T, 615 SWy-AlL

7E il 2% el ME 375 B A (SWy-Fe) i, FRER SWy-# F 1 fiE &, A 1.0 mg-L' Fe(NO,),-9H,0
W 5.0 mg' L KOH &, Je e fElR LB, #l1% SWy-Fe.

1.2 R SE38

93 AT W B Bl g A R B T A Sy DA SN TR B el PR SR A X IE AR BERR £ L AR IE AR
i 6 e FLIR A TR R 10 R B R

FESEAT W3 g 2 528 B, 8] 250 mL IL3E R 43 510 A 5.0 mg- L™ () K,HPO,(IE A& B R £h) 5%
HPO,(AR IES IR EL) . 0.3~1.0 gL' s A1, J1 L4 0.1 mol- L™ KCIAE Sy J2 I AR 28 HiL i I o 1L 375
E T 27°C. 150 rmin ' $EIRPIRG . W EFTZE 10, 30, 60, 120, 180, 240 min, FHJGH i &
PEIURE, 1 FH 22 43606 BE 3T (SHIMADZU UV-1780) Ml 5 % W s B (TP). 1ES#ERE: (P). JEIF
AWEmREL (PP, PP=TP-P) Mk J¥ .

TE AT W B A8 ) 27 S, 235l A 0~10.0 mg-L™" ) K,HPO,(GiE 25 % iR £ ) 8 HPO, (I 1E 25 %
M), 1.0 gL et iA, HALSCI A& FR Lo REm B RN F- i fs, e S (TP). IEA#ER
ih (P). AEIEASBERREL (PP, PP=TP-P) [ .

1.3 BIRELIESZE

Lagergren #l— 2 30 J7 2= L& B 4=l (1) B,

In(g. — g:) = Ing. — kit (1)

Ho Il 4¢3 Jy 2= U4 Jr fR an=k (2) Fios .
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t_1
4  kqe qe
K ke M —H R E R E, min 'k, I YT R E R R, g(mg-min) ' g, AT g, 43 B R R
B 25 0 A ¢ BE 20 R W B, mgeg s
Langmuir W% B 25 78 A A 7 #2 X (3) A1k (@) Fim .

2

T @)
qe KL * Qmax G max
Ri=— )
kT 1 + KL * CO
Freundlich W it 45 i 2R A5 80 5 2 an =X (5) o
Ing. = InKr + 2 InC. &)

K. C N EBRERPIWAEE, mg L'y C AR BIWHEM T SRR, mg L g AMSEMAF
B, meggs Guo HEBA KW E, mgg'; K N Langmuir $HZE R, L'mg'; K. N
Freundlich 251826 22505 1/n W FFHHE 24
1.4 #RH4%EERIE

25 Bt L 8% R JH 92 B FEI/A 7] Tecnai G2 Spirit, F I FH {5 Bt & 0 — A4k X I £k g 3% #% EDAX
Analyzer(DPP-IT) MUEAE i OB S, [R]85 2547 5 73 S JE 2 18 53 BT (element mapping).
2 #ERE5TR
2.1 BUMESBR AT IE ASBEER Eh/4E IE S BEER 51 A0 IR B 31 1 45 1E

S P 5T N [ R 2R e M 5 B TE AS B IR R /AR IR S B IR AR A MM . & 1(a) NI 1(b) Ky
pH=7.0, SV 27 °C BT, ZEMiA L BiAb B AS[R) Oy 20k tE e 5 IE A B iR £ . B B SR
RGBSR . WNIEL L TR, 3 P S A 34 T B R IE A R R IR SRR AR W B AR . i
B4 h e, SO ad B A B B, KARSEIE A SWy X IE S R 15 22 bR AL N 32.5%; WikbH)5,
SWy & T 1 MK IE SR 58 25 B R TH R 2 46.2%. 1l 3830 fH B T Ca> 1 5| AT T 52 10 A1 FF iy
JZ IR AT AT, T LR R B iy 3k B v ) TRk B IR AR B IR, TR USRS R Ak, PRSI
TR BEIR R B MR 0. 3 Ao MESE I A SWy-kEhe . SWy-AlL SWy-Fe B#I, X iE AW IR #h /Y
W B 2 B AR L SWy, 4425 T 37.3%, 50.9% H1 56.1%, 3 Fhl P52 i 4 th SWy-Fe % T 1F 2 i

7r 7r

s SWy —o— SWy-BS T FI —=—SWy —o— SWy-E FHf il
6 _a SWy-hiks —v—SWy-Al —e—SWy-Fe [ —A— SWy-kitE —v—SWy-Al —e—SWy-Fe

(=}

W R/ (mg - g71)
% B4t /(mg - g7")

ot ot
0 50 100 150 200 250 0 50 100 150 200 250
17 FFF ST 6] /min 1% 56 BsF 1] /min
(a) IEASTEIRER (b) EIEASBEERE

Bl 1 A[E) 2 SRR A IE 7S R B 20 A0 AF IE 755 85 % 56 IR B3 Y 22 i
Fig. 1 Effect of different modified smectite on adsorption of orthophosphate and unortho phosphate
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PR ERINAT e AR B3R, BRIk 5 88.5%.

U, 3 b ekt S A A At B B R TR IE A R R R B AR . R AL B Y S A
SWy X JE IE AR Eh L BR R 40.1%. 3 Rt S i SWy-R5be . SWy-Al, SWy-Fe i hm, ffidk
TE S PR ER B W BfE 25 B R B T 1.3% . 20.0% 1 55.3%. 1E 3 Ptk b, SWy-Fe X FARIE
AWERR MR A B ERRBEROCR .

XoF AN () o4 552 i Ay O o 65 SR A7 I B 30 3 2= LU oA, LA 25 SR 3% 1. BRIRER 7E e S 0 A
W B Bh ) A A Ho B 4 8h i 2% 07 #E (RP K F 0.98), AL 3 W B A0 v 1k . 3% 1o g B
WL N YA AR X e I R MR S MG X IE A BEER L L A I S Bl R R A WA A R X A 22 i B
TERM R GAEISE AL, Wrse . A= W B A HICVE FH O R B oo A B A o B 5 )

x1 ARMMERBEANBHORMANFNINESH

Table 1 Kinetic parameters for phosphorus adsorption by different modified smectite

Ph—H B I AR P KB T 2R
BEREIEAS 77 e b/ (MEg )
k/min™ g, /(mgg") R? k,/(g-(mg-min)™") q./(mg-g ™) R?
SWy 3.44 0.0233 2.43 0.98 0.049 0 3.55 0.99
SWy-E5 T 4.90 0.0174 3.99 0.97 0.0120 5.12 0.99
IEZSHERER SWy-kF % 7.40 0.0126 3.69 0.73 0.016 5 7.41 0.99
SWy-Al 8.84 0.022 4 6.21 0.87 0.0107 9.20 0.99
SWy-Fe 9.39 0.0153 7.31 0.97 0.005 6 9.83 0.99
SWy 4.14 0.0112 1.98 0.67 0.020 4.20 0.99
SWy-E5 T 3.95 0.020 2 1.79 0.74 0.0372 4.06 0.99
R IEEBERE: SWy-kf % 4,01 0.014 7 1.65 0.76 0.364 0 4.06 0.99
SWy-Al 6.14 0.0162 2.80 0.78 0.029 5 6.21 0.99
SWy-Fe 9.40 0.047 0 9.50 0.89 0.068 0 10.30 0.99

S Ay 2 1 HAT B R0 L3R T RURIRRBR (9 2R G540, RRIEAT CE B 2 2 W BRI . /T 1 B
W B 2 82 003 (AT 30 min), 1E 2 FEE IE A IR 5 v 2 25 H D SR, X R A B R AR S T 7E P B
FREAE T ol e sk 0 o 380 58 58 A 2 1T, - s AR 40 2 1T & A 0 o 1) 20 B P A 2 T

e TL 2 W B B B, Bl R AR A Sy A 5 OB 4 2 T A P P R AT A4S A, TR L B4
A9, Al-OH 1 Fe-OH ‘B R A1 55 85 2 £k 3 £ P W 45 A W0 & A B 1Ak 24 B o Vg iR 450 & 81
W 6 3ok R v T S ) W TR 4 5 W Pt A R R K Wl TR 4R R TR UL UE L BRI 1 A% Bl ek R A W A ik
HE— 20 AR HE Y 2 B . WANG 4 U (% LA L 7 43 A (LCD) A5 28U 36 35 25 S Wk ], 2 M PR & F
(Fe™" . AP, Ca™) 8 38 Tl ol 1 AR 170 W A 00 SR T 1 e 3 BM WD R0, 3k 5 R F 58 SWy-Al, SWy-Fe &
B 25 B3R A T SWy-B TR A9 SE 56 25 - — B0, WE T AW S A SWy stk # v Ca™ . Fe'',
AP BH B 1) 50 48 28 R 3 sl 0 W R o7, B v Ml M B AR . SR &5 SR K B SWy-Fe $ll A ik
F14) Tl R B i

SIS ST R[] F ik SWy-Fe X 1E 25 R £k /AR 11 725 8 R 8 A0 W BRI . SWy-Fe Xif F 1E 25 8 g
AR AN IE AR Eh 35 HLA S AR R SOR WA R A, Ak R 5 el SR A 6 I S IR kAN A
IE A WL AR A W B R, TE— 25 B XM A B O SR A X IE A R AR . R I AR 5L SR A
A 2 W AT o

K2 8 pH=7.0. RN BE 27 °C AT, ANFRE &1 SWy-Fe 435I X 45 W B4 5.0 mg L™ (1)
TE AW R R AR AR R W B AR s e 25 2 . BE A W R R 3 R, W R N, Gk
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) 87 Y - 687 i i o (] PO A 4 o O BRI B, RRS R 9 e s R 2 U, LA B R DAy T A R
BESE R . B IR R A SE S, MR R b SRR BE AR, HL SWy-Fe i i P07 s pdi /b, I8 B 3
RGN, ELRW A AR, BT X IR SRR L AR IE SRR L, SWy-Fe Jit 1 ik Ji i
19, BT R S m] R P A 2 th BB S, e A R S A 2 R, R B - 8 e T D A 4

20 21
u03g-L!' e05g-L' Al0g-L! m03¢g-L"' ®05¢g-L' A 10g-L!

16

—
[\9)
T

2 Bt/ (mg - g7")
W} /(mg - g71)
el

6 -
4 -
3 -
0 -I 1 1 1 1 1 1 1 J 0 -l 1 1 1 1 1 1 1 J
0 40 80 120 160 200 240 280 320 0 40 80 120 160 200 240 280 320
WEZ B i) /min IR B ] ] /miin
(a) EASHEEREL (b) I IEATRRRE:

B2 R SWy-Fe & 8 % E B S RI4F A B BA S 0R M RO B W
Fig. 2 Effect of different SWy-Fe concentrations on adsorption of orthophosphate and unortho phosphateon

ARWFTERT LS AT SWy-Fe B W) JLR A AT 1 3R AL . SRS A7 SWy-Fe B A e A
RS, RIS R Sk T R AE P SR A7 SWy-Fe 2 1M (19 T B B0R , X SWy-Fe ¥ i 17385 5 i 5
3Nt o Tl 3 R R A -mT UL G W A 10 A A B K B SWy-Fe £ i 1935 53 HEL 8% (TEM) 2 Jmy 5 K i e R
TG0 A5 B U IEL 3(2) BT, 5 A 0K S AN LD G 2R sl Aotk o B I 3(b) i A XK, B AT
TEM-EDS 4 i 73 S JC R AR 73 Hr , FRAESE M 41 3R 101 Fe J0 28 40 A1 o 181 3(c) o Fir 6 IX 3 A7 B9
EDX [&l M4 o wJ LAE H, BlePEAe bl 2= 0 A B 2] A Fe-K 2k, 3 B )7 5¢ A1 )2 1 1 2%
Fe JTLH .

200 nm

(a) SWy-Fe TEM| (b) SWy-FeJssii k[ (¢) SWy-FeTT {44 Hi
3 SWy-Fe TEM R T Z1& D E
Fig. 3 TEM images and element mapping of SWy-Fe

2.2 BUMEERBEA SWy-Fe 3t IE A B4 ER Eh /4 IE S RAER Eh 09 IR M 78 00 S 45 4iE

16 pH=7.0, JZI B 27 °C 1 F, %247 0.5 gL' SWy-Fe 43 H % 0 4 e &l 0~10 mg- L' 1
1E AW R 56 AN AF IF A5 Wi R R A W B R, I HLal ad Langmuir A1 Freundlich A5 4161 Xof fir 45 £1) (1) 52 56
B AT R 22 B, anlEl 4 Bron, BN SR Z UG, SWy-Fe X i A i 2 £6 A1 E 1E A5 0 IR
LR B 45 A Langmuir WERHA5EAR R, 76 pH=7.0, 27°C A}, HXF & A9 R MHE 28 21.9 mg ¢!
1 18.8mgg’,
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4l 0,,219mg-g Al
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(a) IESBERRER (b) HEIEA R

& 4 SWy-Fe KM IE 75 #5f% £2 Fn3E IE 7S B4 B8 20 A Langmuir I} fi & &8 8
Fig. 4 Langmuir isotherm model for orthophosphate and unortho phosphate adsorption by SWy-Fe

2.3 KM ERBEA SWy-Fe 51 IE A B ER Eh FnE IE S B ER 2008 & 14 3 RO IR B 44 1 SR 45 4iE

¥ 0.5 gL' SWy-Fe LA B IR ELIFWRIR 5105, Hrh, IEABERREE 538 AR L F W A 1
(P:PP) iy 1:1~5:5, 43 5ilAe 44 & rb @l i 56 vk B 09 A8 4k (&1 5). W&l 5 o, #E pH=7.0, 27°C T,
W BT 5, 2SI B B 3.0 mg L LA, IE AR R IR 1 25 0l R h W B AR Ak fa S L
SEATE A, X IRV B AR S W (TP=1.0~3.0 mg-L™"), 1F 2B IR £ R R 1F 25 0 198 £h 0 I 2 17 A~
FELEW 3 44T R, EM R B i 9, SWy-Fe % /K /K i i E 2 B R 26 Nk IF BB R $h —H IR &

PR R 34 HAT B BRI B R

2 T 25 ) R k22 18] A9 5 4 4 P 32 B8 0 A e W0 0 Wi v R R A S 00 o B B R Ak L 114 A I

T, R RO BT R R 2 AR R
TR AT, SWy-Fe X 1F 25 1 2 £k 1) - f 1%
B &R 43 mgg, AR IE B R £ 1 S 4 % B
F 114 mgg's XFRUYPIE DB E ST
3mg-L™', SWy-Fe XJ 3F IF 2 8 iR £k 11 5% 4 W
MRBERTIESRS: . FESHRES
Ca’' ¥ A% Ca/P b 1 85 5% 7= 4 1""(Ca: PP=0.5:1;
Ca:P=1.1:1), X T2 &M Ca¥, JEIEDBEMREE
X Ca AR & FIEASBREE . FH, #R
5 PR ARG G WM N, TE K Fe-P %
A9, BT IRBERR AR 0 2 AR, R IE S BER
5 FeIE Wi X Fe/P Lt 1Y 5 B ;= ¥ (Fe:PP=
0.67:1; Fe:P=1.1:1), H} SWy-Fe X} 1F 25 # g £
F14) W o 5 2 B 22 i 3 T 3% AV

3 41

20
0 REEEREE A EERREL o JRIEAHRRE:
16
=~ o © =@
=
L2 2 o &
g o o o °
= o
g 8 o ]
= -
4l a9 @ & 8 8 5 4 4 &
7
0 , , , , , )
0 2 4 6 8 10 12
W/ (mg - L)

5 #E S BRE X SWy-Fe [8] 45 IR B IE 725 34 B& 22 A0
FFIESHBER I AR
Fig. 5 Effect of initial phosphorus concentrations on
synchrounous adsorption of orthophosphate and
unorthophosphate by SWy-Fe

1) S WA 3 Rtk 2 (SWy-kibe . SWy-Al, SWy-Fe) 34 A #1552 JBd £7 % 1E 25 8 R 46 4k 15 745
TR TR %) W R AR , I ATl T R 1 2 R 25 B 38 43 Tl 4 55 37.3% . 50.9% 1 56.1%, Al IE A5 W iR £k
BiF 23 BR A8 0r SEE 5 1.3% . 20.0% F1 55.3%, Hih SWy-Fe A e AW B RCR o W R #2455 Ho #21 —
Psh J12%E R (R YR T 0.98), AW AMFR MR BEY 1 . T W B L 0RO S 2 R R R A

AR
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2) SWy-Fe i 1F 25 8 2 #h A1 3F 1E 25 8% 2 #h 149 W B 44 75 & Langmuir 9% JF $4 ) 2 B8 (R? K T
0.97), LRI B 1 53302 21.9 mg-g ™' F1 18.8 mg-g™'. A AZH B B F Ca”/Fe™ 51 A VAl 1 5215 A1
pity PAY 288 JOC ) G 8 45 5 | R A AN LR R A, e 0 RS 245 45 1 PH 8 i 17 55 A X e PR 8 4 TR o

3) SWy-Fe X IE S BEMREh M AR IE S BEMR IR IR A M R R 25 R R0, AR £k %ﬂHFEM@QM
b 110 W B 5 S R AR FE WD U B R B v T 3.0 mg L MR R b, R I SR R R B AOR B T

IEASBERR LR, BT 1 7 W B B 22 B AR B 2.9:1.0, 3K A S B 1 W R K W A A R N 2 1 BRI

s
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Adsorption behavior of mixture of orthophosphate and unortho phosphate by
modified smectite
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Abstract In order to study the adsorption characteristics of orthophosphate and unortho phosphate, and the
competitive adsorption behavior under the mixture of orthophosphate and unortho phosphate, three kinds of
modified smectite SWy-roasted, SWy-Al and SWy-Fe were prepared and were used to adsorb the different
morphological phosphates. The experimental results showed that the phosphorus adsorption was improved by all
the three kinds of modified smectite. SWy-Fe had the best performance on phosphorus adsorption, the removal
rates of orthophosphate and unortho phosphate increased by 56.1% and 55.3% within 4 hours adsorption,
respectively, which accords with the pseudo-second-order kinetic model. According to Langmuir adsorption
thermodynamic equation, the saturated adsorption capacities toward orthophosphate and unorthophosphate by
SWy-Fe were 21.9 mg-g' and 18.8 mg-g ', respectively. In addition, when the initial total phosphorus
concentration was higher than 3.0 mg-L™" in the hybrid system of orthophosphate and unorthophosphate, the
adsorption amount of unorthophosphate was significantly higher than that of orthophosphate, the ratio of their
equilibrium adsorption amounts was 2.9:1.0. The adsorption process of modified smectite on orthophosphate
and unorthophosphate was determined as the comphrehesive functions of external liquid membrane diffusion,
surface adsorption, and intraparticle diffusion. The introduction of adsorption and complexation by
exchangeable cation Ca®'/Fe’'/AI’" improved the adsorption capacity of smectite on phosphate. Under the
condition of high initial total phosphorus concentration, the adsorption competition phenomenon existed in the
hybrid system of orthophosphate and unorthophosphate, which can provide a theoretical basis for the
development and application of adsorption technology treating the actual phosphorus-containing wastewater.
Keywords modified smectite; orthophosphate; unortho phosphate; adsorption phosphorus
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